objective Fatigue is a common complaint worldwide and associated with disability and high health service use costs. We tested the hypothesis that maternal fatigue would be associated independently with maternal common mental disorder ('maternal CMD') in a rural, low-income country setting.
Introduction
The complaint of fatigue is a common problem worldwide, with prevalence ranging from 10 to 33% in population samples [1, 2] . Fatigue can arise from a range of physical pathologies, physiological states or psychiatric disorders, as a somatic expression of emotional distress or as a combination of some or all of these causes [1, 3] .
In epidemiological studies from high-income countries, a consistent association is seen between fatigue and psychiatric morbidity, disability and increased healthcare utilisation [4] . Around 17% of people who present to health services with the symptom of fatigue meet criteria for current major depression, with 45% having experienced a lifetime common mental disorders, specifically depression and anxiety disorders [5] . In low-and middle-income countries (LMICs), however, fatigue is often assumed to be the result of nutritional deficiencies or infectious disease [2] .
Somatic expression of emotional distress 'somatisation', for example as the symptom of fatigue, is reported to be the single most common reason worldwide for psychiatric problems to go undiagnosed in general health care [6] . Misdiagnosis of somatised fatigue results in unnecessary healthcare expenditures and potential iatrogenic harm [7] as a consequence of unnecessary investigations and prescription of non-indicated medications [2] , and the failure to address the underlying emotional distress may exacerbate the problem and perpetuate a cycle of suffering [8] .
Although the vast majority of research has been conducted in Western contexts, a cross-sectional study of chronic fatigue in a population sample of women from Goa, India, found that the strongest associations were with psychological and psychosocial risk factors, not nutritional or physical health indicators [2] . However, this finding was from a relatively well-resourced periurban setting in a middle-income country and may not be generalisable to rural settings in low-income countries. In more resource-constrained settings, there is a heightened danger of category fallacy, whereby a Western diagnostic concept, such as somatisation, is misapplied to fatigue arising from common physical conditions, such as anaemia, malaria and diarrhoea, or from the experience of extreme poverty itself [9] .
In this study, we examine the relationship between fatigue, maternal common mental disorders 'maternal CMD', other psychosocial factors, physical health and nutritional status in a population-based panel study of mothers of young children in rural Ethiopia. Maternal CMD is prevalent in perinatal women in LMICs and in women with young children 'maternal CMD' and has been associated with adverse effects on maternal functioning and child nutrition, illness episodes, impaired development, poorer access to preventive health care and lower infant survival [10] [11] [12] [13] [14] [15] . Our objective was to investigate the underlying explanation for a complaint of fatigue at repeated evaluations of the study women at 2.5 and 3.5 years post-partum. We hypothesised that a complaint of fatigue would be a manifestation of maternal CMD and be independent of anaemia, nutritional level, physical health status and other potential confounders.
Methods

Study design and setting
This was a population-based panel study. Data for this analysis were collected as part of the C-MaMiE project (Child health, growth and development in relation to maternal mental disorder in Ethiopia) conducted in the demographic surveillance site (DSS) in Butajira District, Gurage Zone, Southern Nations, Nationalities, and Peoples' Region (SNNPR) of Ethiopia. The Butajira DSS is located about 130 km south of the capital, Addis Ababa, and comprises ten administrative subdistricts, nine rural and one urban. Butajira town is at an altitude of 2131 metres. Full-time enumerators visit all households in the DSS every 3 months to collect vital registration and other demographic data [16] . The rural population relies heavily on smallholder mixed farming for its livelihoods and parts of the DSS are food insecure from a combination of overpopulation and intermittent drought. Fertility levels are high, with a total fertility rate of 4.9 births per woman [17] . The majority of women receive no antenatal care (59.2%) or post-natal care (93.2%) and give birth at home (93.5% of births in the last 5-year period) [17] .
Study participants
A population-based sample of 1065 women in the third trimester of pregnancy was recruited into the C-MaMiE study between July 2005 and February 2006 [18] . Potential participants were identified by DSS enumerators during their routine house-to-house surveillance activities and then approached for participation by project data collectors. Eligible women were 15-49 years old, residing in the DSS and able to speak Amharic. All participating women provided informed consent. The C-MaMiE data collectors were female high-school graduates working for the project full time and trained to conduct interviews and anthropometric measurements by project principal investigators.
The C-MaMiE study has had repeated contact with the participating women and children from 2005 to date. This analysis uses data from assessments at 2.5 and 3.5 years post-partum (measured between 2008 and 2009), with each variable operationalised and measured using standardised methods at both time points. The timing of the measurements was determined by the primary objective of the C-MaMiE cohort to examine the impact of maternal CMD on child development.
Measures
Maternal fatigue was operationalised as a dichotomous variable using the item from the Patient Health Questionnaire (PHQ), 15-item version [19] , which asks: 'In the last 1 month period, how bothered were you by feelings of fatigue?'. Responses of being 'bothered a little' or 'bothered a lot' by fatigue in the last 1 month were considered to be complaints of fatigue and responses of being 'not bothered' or experiencing 'no fatigue' were classified as 'no symptoms of fatigue'.
Maternal CMD symptoms were measured as a continuous variable using a locally validated version of the SelfReporting Questionnaire, 20-item version (SRQ-20) [20] . The SRQ contains several somatic items that are purported to indicate the presence of emotional disorder (items 1, 2, 3, 5, 7, 18, 19, 20, 21) [21] , Exploratory factor analysis using maximum-likelihood estimation and varimax rotation showed that the somatic items within the SRQ-20 and the 'psychological' SRQ items loaded onto the same underlying construct in this sample. For the purpose of this study, therefore, these items were excluded to prevent any possibility of overlap with the dependent variable fatigue. The resulting 12-item SRQ scale was composed of psychological manifestations of depression and anxiety 'SRQpsy scale'. As the time points under consideration were distant in time from when the women had given birth to the index child, post-natal depression was not included in the analysis.
Potential confounding variables were identified a priori according to the conceptual model presented in Figure 1 and were selected on the basis of their known associations with both fatigue and emotional distress.
Socio-demographic and economic variables included age, marital status, urban/rural residence, ethnicity, religion, educational level, extent of the women's work outside the home and household crowding. A composite variable measuring socio-economic status (SES) was created by adding the following poverty indicators: selfreports of indebtedness, hunger in the last month and perceived lower relative wealth, and fulfilled criteria for a hierarchical Mokken scale [22] .
Maternal health variables. The woman's pregnancy status was ascertained at each time point. Maternal selfreported health states included malaria, diarrhoea and fever episodes (measured for the 1 month preceding each time point), obstetric complications in the index birth, and frequency of khat use. Both body mass index (BMI, calculated as weight in kg 2 /height in m) and haemoglobin (g/dl) were measured as continuous variables and dichotomised according to standard values for low BMI (<18.5 kg/m 2 ) and moderate/severe anaemia, adjusted for altitude (≤101 g/l) [23] . Maternal weight and height were measured using standard anthropometric techniques [18] , and haemoglobin was measured with the portable, battery-operated HemoCue analyser as previously utilised in the Ethiopian Demographic and Health Survey [17] .
Psychosocial variables. The List of Threatening Experiences (LTE) was translated and adapted for the local context [24] . The LTE covers twelve categories of life events associated with long-term threat and was measured continuously based on total score. Problems in the marital relationship were measured as a composite variable on a 0-3 scale based on questions about frequency of quarrelling, obtaining inadequate help from the husband, and the overall quality of relationship being average, poor or very poor [22] . Women were also asked about any experiences of violence in the last 1-month period.
Data analysis
Normally distributed continuous variables were summarised using mean with standard deviation (SD) as a measure of central tendency. For non-normally distributed data, the median and 25 and 75th centiles were presented. For categorical variables, percentages were calculated to show how they were distributed in the sample.
Hypothesis-driven analysis
Generalised estimating equations (GEE) were used to determine population-averaged associations from the correlated panel data collected at the two time points to investigate the association between maternal CMD and fatigue. Potential confounders were added in groups of variables (socio-demographic, pregnancy status, socioeconomic, maternal health and behaviour, nutritional status and psychosocial variables) to the model including maternal CMD and fatigue to understand the impact of confounding on the association. A fully adjusted model then included all a priori confounders. 
Exploratory analysis
Crude odds ratios for the associations of the study variables with fatigue across the two time points were calculated using GEE. Variables associated with fatigue with a P-value <0.20 were then retained in a multivariable model. Unmarried status and exposure to violence could not be included in the final multivariable model, however, due to small numbers.
Results
At 2.5 years, 1009 (94.7%) women remained under follow-up and 989 (92.9%) at 3.5 years. At both time points, women who were lost to follow up did not differ with respect to their CMD or fatigue status, educational level, religion or BMI; however, they were more likely to reside in an urban area and be younger. Table 1 presents the demographic, socio-economic, health, nutrition and psychosocial characteristics of the study population at 2.5 and 3.5 years post-partum. Mean maternal age at the time of the child's birth was 27.0 years (SD AE 6.4 years) in the women followed up at 2.5 years and 27.1 years (SD AE 6.4 years) and in the women followed up at 3.5 years. The largest ethnic group was Meskan (46.0%; n = 464), followed by Silti and Mareko. Over three quarters of the women were Muslim. Most women lived rurally and the vast majority were married. Only 20% had received any formal education. In total, 24.0% of women were pregnant at 2.5 years post-partum and 14.7% at 3.5 years post-partum. More women reported being bothered by fatigue at 2.5 years (8.3%, N = 84) than at 3.5 years (5.5% N = 54). Only 1% of women reported fatigue at both time points. The number of women scoring six or more on the SRQ-20, and therefore meeting the study cut-off for a diagnosis of CMD, was N = 55 (5. 5%) at 2.5 years and N = 48 (4.9%) at 3.5 years. Table 2 presents the results of the hypothesis-driven analysis. Maternal CMD (SRQpsy score) was associated with increased odds of a complaint of fatigue in the GEE model: crude odds ratio (OR) = 1.64; 95% confidence interval = 1.49-1.80 for each one point increase in SRQ score. This association remained significant after adjusting for a wide range of potential confounding factors: adjusted odds ratio (aOR) = 1.46; 95% confidence interval (CI) = 1.28-1.66. In the final multivariable model, maternal fatigue was associated significantly (P <0.05) with maternal CMD, fever and life events. Although we noted a marginally significant interaction between SRQpsy score and time, upon further examination, the interaction was found to be due to a few women outliers with higher SRQ scores.
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Discussion
In this population-based panel study of women in rural Ethiopia, a consistent and strong association was found between maternal psychological symptoms of CMD and complaints of fatigue at repeated time points after adjusting for maternal anaemia, undernutrition, physical health, poverty and a range of other potential confounders. Maternal fatigue was also associated significantly with both recent fever and stressful life events, indicating that there is a psychosomatic component adding to the morbidity of fatigue in this population. The women in this study reported relatively poor physical health and nutritional status, reflecting both the high infectious disease burden and prevailing poverty in this rural Ethiopian setting: 20% of women had a low BMI and between 8 and 10% had moderate or severe anaemia. In low-income countries, fatigue is often assumed to arise from factors related to undernutrition or physical ill health [2] . Our results support previous findings from a more advantaged population of women in a middleincome country [2] and underscore the relevance of fatigue as an indicator of psychological and psychosocial distress in this rural Ethiopian setting.
Strengths of this analysis include the rural population base, the use of a pre-validated measure for CMD and two objective measures of physical health status. We were able to make use of repeated measures in the same cohort to examine population-averaged cross-sectional associations between psychological symptoms of CMD and fatigue. A further strength of the C-MaMiE cohort is the consistent, long-standing relationship between the data collectors and study participants.
Many topics in the C-MaMiE questionnaire are sensitive, so familiarity and trust between the women in the study and the women working for it likely improves interview quality.
A limitation was the cross-sectional nature of the analysis. It was therefore not possible to know whether CMD caused fatigue, fatigue caused CMD, or indeed whether fatigue is a manifestation of CMD and they are actually the part of the same phenomena. Because we ascertained outcome at the same time that we measured CMD, somatic symptoms and other psychosocial exposures, we cannot rule out the possibility that negative recall bias inflated the associations found between fatigue and psychosocial factors. However, recall bias would have no bearing on the lack of associations with the objective measures of BMI and haemoglobin, so our conclusions about their relative importance appear to hold true. Although the PHQ-15 fatigue item had not been validated in the study area, care was taken to ensure semantic and conceptual validity during translation. SRQpsy, Self-Reporting Questionnaire, psychological subscale. *SES is the sum of three factors: indebtedness, experience of hunger in the last month and perceived lower wealth. †Haemoglobin measured on a subsample of n = 526 and is adjusted for altitude. ‡Marital relationship is a composite variable based on frequency of quarrelling, obtaining inadequate help from spouse and overall quality of the relationship being average, poor or very poor.
Furthermore, concurrent validity was indicated through the association with disability scores (data available from authors on request). A number of previous studies from sub-Saharan Africa have explored the relationship between somatisation, CMD and other forms of psychological distress, with varied findings. An early study from Nigeria developed a somatic symptom scale comprised entirely of local somatic metaphors. When administered to people in contact with mental health care, women were found to reported somatic symptoms more frequently than men. The authors concluded that expression of psychological disturbance in form of somatic metaphor is culturally acceptable for women, who otherwise are not permitted to be psychiatrically ill [25] . Another Nigerian study described the creation of a Nigerian version of the SRQ-20 constructed by adding culturally specific symptoms to the original twenty SRQ items [26] . A third Nigerian survey found that core depressive symptoms were better predictors of depression than the somatic symptoms they studied and that somatic and psychological symptoms grouped separately in factor analysis. Based on their findings, they argued that depression can be diagnosed with certainty only if specific core depressive symptoms are enquired about and that somatic symptoms should be secondary in the diagnostic process [27] . In Kenya, however, a culturally specific questionnaire showed high agreement to multiple international scales measuring depression, with the highest correlation found to self-rating scales measuring somatisation [28] . Although important for enriching the somatisation literature and elucidating some of the mechanisms by which somatisation and CMD are related in African contexts, these studies are all limited by their use of highly educated, urban samples drawn largely from major psychiatric and general hospital settings as well as the lack of assessment for underlying physical pathology, in contrast to the methods employed in this analysis. The prevalence of fatigue in this population was lower than has been found elsewhere [1, 2] . The lower values seen in this population may reflect cultural differences in terms of how fatigue is conceptualised and described in oral interviews outside of a conventional medical setting. It is clear that somatic presentations in primary healthcare settings are extremely common in sub-Saharan Africa, as they are worldwide; however, the frequency of specific somatic complaints and idioms varies culturally [29] . Overall, fatigue as somatised distress appears to be widespread and this study demonstrates its importance in Ethiopia.
Our findings have implications for current treatment approaches to the management of fatigue in similar rural settings in LMICs, which most often do not consider the mental health status of the patient. In Tanzania, fatigue was found to be a very common presenting complaint in both biomedical and traditional healer clinics [30] ; however, practitioners in LMICs seldom have appropriate algorithms for determining the aetiology and appropriate treatment for complaints of fatigue. In India, fatigue is reported to be frequently mismanaged with prescriptions of non-indicated tonics, vitamin and analgesic injections, and benzodiazepine medications, all of which complicate and potentially worsen patients' health [2] . There is a pressing need for further research to improve evidencebased guidelines for the management of fatigue in LMIC treatment settings.
In common with many other LMICs, Ethiopia is in the process of implementing the World Health Organization's mental health Gap Action Programme [31] which seeks to scale-up mental health care through integration into primary care settings [32] . Detection and management of depression in primary care settings is prioritised for action within mhGAP. Our study, in combination with the previous evidence from India, now provides a strong basis to inform primary healthcare workers of the relevance of mental health to commonly encountered presentations of somatic symptoms, in particular fatigue. Such a message is vital for changing primary care worker attitudes to mental health and improving detection of depression, both of which underpin the success of mhGAP.
Further research in LMICs needs to examine the social and economic consequences of somatic manifestations of CMD and the impact on health systems. This will help in reprioritising constrained resources and stimulating efforts to provide effective and necessary treatments. There is evidence suggesting that multiple somatic complaints in the absence of comorbid CMD may require distinct interventions [33] . There is therefore a great need for more randomised controlled trials in LMICs to evaluate various treatments and interventions found to be successful elsewhere [34] .
This study contributes to the epidemiology of fatigue in this rural, low-income country setting and shows it is closely associated with psychological and psychosocial factors among rural women in a low-income country. Of the physical health indicators, only report of a recent episode of fever was associated with reports of fatigue, and there was no association with reported diarrhoea or malaria or with objective measures of BMI and haemoglobin. Therefore, although physical health causes need to be excluded by primary care workers, the predominant associations with fatigue were psychosocial. To improve detection and treatment of CMD in primary care in LMICs, the WHO's mhGAP management algorithms for CMDs need to give greater emphasis to somatic symptoms, such as fatigue, as a common presenting complaint of CMD.
